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Abstract. The microstructural changes were investigated in severely deformed 5182 alloy. The as-
cast block was cold rolled with different reduction levels up to 98%. The deformation textures 
appearing after various rolling reductions account for minor qualitative changes (i.e. new texture 
components emerging with increasing rolling reductions) whereas significant quantitative 
differences were observed (i.e. changing intensity of rolling components). The presence of large 
non-deformable constituents affects both deformation and recrystallization textures. During rolling, 
large particles induce strain path changes in their vicinity, which produces microstructural 
heterogeneities. In recrystallization, the highly strained field around the particle induces particle 
stimulated nucleation (PSN). The current contribution tries to clarify the effect of different strain 
modes involved in severe plastic deformation on the development of recrystallization textures.  
Introduction 
The large strains accumulated during severe plastic deformation (SPD) induce microstructural 
transformations in material. The texture of FCC metals produced by the cold-rolling process is 
generally dominated by components that belong to the so-called β-fiber [1, 2]. This texture is 
represented by a continuous tube of orientations that connects the Copper orientation (C-
{112}<111>) through the S orientation ({123}<634>) to the Brass orientation (B-{011}<211>). 
After annealing, the rolling texture (β-fiber) conventionally transforms to a texture that is dominated 
by the Cube ({100}<001>) and Goss ({110}<001>) components. The qualitative and quantitative 
evolution of the crystallographic texture during recrystallization annealing is affected by a number 
of parameters such as strain mode and strain amplitude as well as thermal parameters pertaining to 
annealing time and temperature. A change of the strain path during deformation tends to induce 
texture weakening and also qualitative texture changes are often observed [1, 2]. The rolling and 
recrystallization textures are known to be affected by the presence of large non-deformable particles. 
During rolling, the large particles induce strain path changes in their vicinity. These highly strained 
fields (HSF) around the large constituent particles act as a fertile ground for nucleation of 
recrystallization during annealing via particle stimulated nucleation (PSN) mechanism [1]. The 
current contribution aims to clarify the effect of different strain modes involved in rolling on the 
development of recrystallization texture. The influence of strain mode on the evolution of the 
recrystallization textures was discussed based on experimental data and results of crystal plasticity 
calculations. 
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2. Experimental and Computational Methods 
The material used in the current study is 
industrially cast 5182 aluminum alloy. The cast 
block was annealed at 545°C for 120 hours and 
afterwards subjected to cold rolling reductions 
which have led to two materials with different 
textures, designated as A and B. Both materials 
were rolled on a laboratory rolling mill from the 
block with an initial thickness of 26.5 mm. The 
materials A and B were subjected to the thickness 
reductions of ~88% and 98%, respectively. The 
final annealing of the rolled samples was 
performed in a salt bath at 550°C for 12 seconds. 
The cold rolling textures were determined by 
measuring X-ray pole figures in the conventional 
back reflection mode. From a set of four pole 
figures ({111}, {200}, {220}, {311}) the ODF 
was calculated using the conventional series 
expansion method. Results of the texture 
measurements are presented in the form of 
orientation distribution functions (ODF) in the 
ϕ2=const sections. The texture was measured in 
the surface and sub-surface regions both from the 
top and the bottom sides and also in the mid-
thickness section of the sheets. The through-
thickness texture was calculated by integrating all 
the sub-layer textures into one average texture. 
The orientation data were post-processed with the 
MTM-FHM software [3]. 
The through-thickness textures of the annealed 
specimens were measured by means of the EBSD 
technique. The EBSD system was attached to an 
FEI
®
 Environmental Scanning Electron 
Microscope (ESEM XL30) with a LaB6 filament. 
The EBSD measurements were carried out in the 
plane perpendicular to the sample transverse 
direction (TD-plane), scanning either the entire or 
half thickness of the investigated samples. The inverse pole figure (IPF) maps were produced and 
analyzed by the commercial OIM-TSL
®
 software. Results of the EBSD texture measurements are 
presented in the form of orientation distribution functions. The textures were calculated by the 
harmonic series expansion method assuming orthorhombic sample symmetry and by superimposing 
a Gaussian peak for each individual orientation with a spread of 7° around the exact orientation. To 
the purpose of obtaining a reliable comparison between deformation and recrystallization textures, 
all orientation data were post-processed with the MTM-FHM software [3]. The Taylor factor (TF) 
maps for various strain modes were calculated with the full constraints Taylor theory (FCT) 
whereby only the {111}<110> octahedral slip systems were taken into account. In order to 
investigate a strain field around non-deformable particles the finite element calculations (FEM) 
were performed using the ANSYS
®
 software. In the FEM modeling, a particle containing aluminum 
matrix was subjected to plane strain compression deformation (PSC). 
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Fig.1. Distribution of particles during the 
processing chain: a) as-cast block; b) 
material A; c) material B. 
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Fig.3. FEM calculations of deformation flow around non-deformable particles in 
aluminium matrix subjected to PSC (von Mises strain maps): a) single particle case; b) 
multi-particle case. 
Fig.2. Texture evolution in the investigated materials during cold rolling. 
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3. Results and Discussion 
3.1 Microstructural changes involved 
in rolling 
Fig. 1a reveals large constituent particles 
located on the boundaries of the as-cast 
structure. The coarse grained as-cast equi-
axed microstructure changes its 
morphology during rolling while the 
presence of non-deformable particles 
shapes the deformed grains. The high 
deformation levels involved in the cold 
rolling cause the primary phases to align 
along the rolling direction (RD) as it is 
revealed in Fig. 1. With increasing rolling 
reduction it can be observed that the 
average distance between particles along 
the normal direction (ND) is reduced. 
Additionally it can be noticed that the 
high reduction levels lead to 
fragmentation of the large constituents. 
The boundaries of the as-cast structure 
(Fig. 1 b and c) align along the rolling 
direction creating a lamellar structure. 
These lamellas are distorted by the 
presence of large particles (Fig. 1 b, c). 
The crystallographic texture of the cast 
ingot is almost random (c.f. Fig. 2) as the 
ODF maximum value measured in the 
investigated ingot is ~1.5 multiples of a 
random distribution (m.r.d). Cold rolling 
transforms the initially isotropic material 
with almost random texture to a strongly 
textured one. Increasing the level of 
rolling reduction causes a strengthening 
of the rolling texture (β-fibre) in the 
investigated materials. The β-fibre texture 
components, i.e. {112}<111> (Copper) 
{011}<211> (Brass) and {123}<634> 
(S), have comparable intensities after 
each particular deformation. 
It is generally accepted that rolling could 
be approximated by the plane strain 
compression mode of deformation on a 
macroscopic scale. In the particle 
containing matrix, there is an issue of 
how the macroscopic strain is translated 
to the microscopic level in the vicinity of a non-deformable particle. Depending on the particle 
shape, the deformation flow in their vicinity could be approximated by a complex strain velocity 
gradient field Lij. Finite element calculations (Fig. 3) of the strain field around a single non-
deformable particle provide evidence for the presence of a strain state which combines compressive 
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Fig.4. Microstructure and texture of recrystallized 
materials at 550°C/12 seconds: a) material A; b) 
material B; c) material A; d) material B. 
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deformation along ND (L11=-L33, L13=L22=0), RD-ND shear (L13≠0; L11=L22=L33=0) and also 
extension along RD (L13=0; L11≠0; L11+L22+L33=0). The strain velocity gradient tensor gradually 
changes with distance along RD, ND and TD. In a multi-particle-matrix system, the strain fields 
around single particles overlap leading to highly strained domains (c.f. Fig.3). These highly strained 
fields (HSF) are characterized by a complex strain velocity gradient field of the type 
(L11+L22+L33=0). The mentioned strain modes strongly deviate from the PSC strain mode 
associated with rolling. The wide scatter of the deformation flow around the large non-deformable 
particles refines the sub-structure by virtue of a drastic change in the strain mode. 
 
3.2 Recrystallization  
The recrystallized microstructures and textures after different rolling reductions are displayed in 
Fig.4. Material A reveals inhomogeneous microstructures consisting of bands of various grain sizes, 
whereas the microstructure of material B is more homogeneous (c.f. Fig.4 a and b). The banded 
recrystallized microstructure is a consequence of heterogeneities across the thickness in the 
deformation structure. The heterogeneously deformed structure tends to enhance different 
nucleation sites and local variations in the driving force and kinetics leading to a recrystallized 
microstructure characterized by local heterogeneities. 
Figs. 4 c and d reveal the recrystallization textures of the investigated materials. In conventionally 
produced materials, the β-fibre transforms to the {001}<100> (Cube) and Goss dominated texture 
mixed with negligible amounts of other orientations [1, 4, 5] A non-conventional type of 
recrystallization texture is observed in both investigated materials A and B. The Cube orientation 
tends to split up and moves along the <001>//ND fibre with increasing level of rolling reduction 
(c.f. Fig. 4). As a result, a relatively strong 20° rotated cube orientation has evolved after 98% 
reduction and subsequent recrystallization. 
In the current study, the texture evolution in the recrystallized materials is conditioned by the 
presence of large constituent particles. The highly strained fields in the vicinity of hard particles 
provide effective sites for nucleation through the PSN mechanism. The energy stored in the material 
is the driving force for recrystallization. Various crystal plasticity models [6-8] employ the Taylor 
factor (TF) as a dimensionless measure of dissipated plastic power which could be considered as a 
measure of stored energy.  
Numerous literature sources [1, 9, 
10] claim that recrystallization is 
controlled by low stored energy 
nucleation in FCC metals. Figs.5 a 
and b show the distribution of TFs 
in Euler space for the deformation 
modes which are characteristic for 
conventional rolling and highly 
strained fields in the particle-
matrix system, respectively. The 
minima in Taylor factor 
distribution for the PSC mode 
correspond to orientations close to 
the <001>//ND fibre and the Goss 
component. The TF map of 
Fig. 5 b shows minima for the ~ 
20° ND rotated Cube orientations and the Goss component. By comparison of the recrystallization 
textures of Fig. 4 c and d with the calculated TF maps, it can be seen that the recrystallized grains 
cover the domains of low stored energies on condition that these different strain modes are 
considered. The TF map of Fig.5a is in a good correlation with textures of conventionally produced 
Al alloys [1, 4, 5] characterized by a strong Cube-Goss orientations. In the conventionally processed 
Fig.5. Normalized TF maps calculated with full constrained 
Taylor theory for ϕ2=45° ODF section: a) plane strain 
compression; b) L11/L22/L33=1/-0.7/-0.3. The TF maps are 
normalized in a range between 0 and 1. 
(a) (b) 
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sheets the volume fraction of large particles is small and thus the effect of PSN mechanism is 
negligible. Increasing the amount of particles raises the relevance of the PSN mechanism and thus, 
the measured recrystallization textures comprise low stored energy grains resulting from this 
mechanism. In this case, the low stored energy orientations such as the ND rotated Cube 
orientations become predominant. This can explain the appearance of the pronounced ~20° rotated 
Cube component in the alloys containing large non-deformable particles. 
4. Conclusions 
The deformation flow around the non-plastic particles is responsible for the appearance of non-
conventional annealing texture components. In severely deformed samples with a high content of 
inclusions, recrystallization is controlled to a large extent by particle stimulated nucleation. After 
severe thickness reductions, the Cube texture rotates along the <001>//ND fibre producing an 
intense ~20° rotated Cube component. 
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